Nine male competitive mountain bikers (age 34.7 ± 10.7 yrs; stature 177.7 ± 5.6 cm; body 4 mass 73.2 ± 8.6 kg) participated in the study. All riders had a minimum of 5 years racing undulating technical sections and also featured one major climb and descent, for which data 14 were analysed for these sections as well as the full lap. Figure 1 shows a global positioning 15 system (GPS) trace of the course and profile. A Garmin Edge 810 GPS computer was used to 16 record lap times and temperature. However, due to the level of tree cover and the 17 inaccuracies of GPS under tree cover, actual distances were recorded with a calibrated trundle 18 wheel. Distances of each section highlighted in figure 1 were; Start to 1 = 1.72 km; 1 to 2 = 19 0.38 km (Climb); 2 to 3 = 0.47 km; 3 to 4 = 0.66 km (Descent); and 4 to Finish = 0.25 km; 20 total lap distance = 3.48 km. Based on Ordinance Survey maps, the average gradient of the 21 climb was 5.8 ± 0.3 %, whilst the descent gradient was -6.1 ± 0.4 %. Testing took place over 22 a four week period between the months of June and July. Mean temperature was 18.5 ± 1.5 23 °C, with all test sessions being performed in sunny dry conditions. Therefore, course 24 conditions were consistent for all trials. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 According to Sinclair, Brooks, Edmundson, & Hobbs (2012) , due to the nature of field-based 2 testing, normalisation of sEMG signals to a maximal voluntary isometric contraction are not 3 possible or appropriate, though their study looked at running. This was due to the dynamic 4 muscular activity involved. Therefore, they proposed that sEMG data should be normalised to 5 a dynamic peak task, that being the peak amplitude recorded during the field-based trials. As 6 cycling is also dynamic in nature, sEMG data in the present study are presented as a 7 percentage of the dynamic peak task for the full lap and the ascent and descent sections. In addition to sEMG, the Delsys Trigno sensors also recorded wireless tri-axial acceleration 10 for measurement of muscle vibrations. The placement of accelerometers on soft tissue to 11 monitor vibrations has previously been validated (Lafortune et al. 1995; Coza et al 2010 rider stature a choice of two different stem lengths were offered (90 and 110 mm). Saddle 1 setback was also adjusted to ensure best fit. In addition, riders were allowed to use their own 2 pedals. Suspension systems were set up according to the manufacturers' recommendations for 3 each rider's individual weight and to allow for 10 percent sag in the travel. Both front and 4 rear suspension were run in fully open mode, whilst shock leverage ratios were optimised by 5 the manufacturer for each frame geometry. Immediately prior to each trial participants lined up on the start line and were instructed to 8 perform a maximal vertical jump to provide a marker on the accelerometer data. This was 9 used to synchronise the accelerometer and sEMG data. Participants were then set off 10 s 10 post vertical jump. All sEMG and accelerometer data pre and 10 s post jump were discarded 11 from the analysis. The time the participants crossed the finish line was noted and all data after 12 this time was also discarded from the results. In the absence of a trigger system to help 13 identify where the climb and descents started and ended on the sEMG and accelerometer 14 traces, data were synchronised with the time date on the GPS unit attached to the handlebars.
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The start and end of the main climb and descent were marked with signposts. Riders were 16 instructed to press the 'lap' button on the GPS at the start and end of these sections. This then 17 enabled the identification these sections on the sEMG and accelerometer traces by means of 18 the time stamps. When determining mean data in the EMGWorks software, these time blocks 19 were identified and subsequently analysed. Participants were randomly assigned to three 20 groups of three participants and trials were counterbalanced for each group. .23; p = .80; p 2 = .03), vastus lateralis (F (2,16) = 1.64; p = .23; p 2 = .17), biceps brachii (F (2,16) = 7 .94; p = .37; p 2 = .11) or triceps brachii (F (2,16) = .13; p = .88; p 2 = .02). Table 1 shows the 8 mean values for sEMG as a percentage of dynamic peak task and 95% CI. When muscles 9 were compared against each other within wheel sizes, significant differences (p < .05) were 10 found between the antagonistic muscles of the biceps brachii and triceps brachii within all 11 wheel sizes when analysed over the full lap and the climb. However, during the descent 12 section significant differences (p < .05) were only reported between biceps brachii and triceps 13 brachii within the 27.5" and 29" wheel sizes. = .10), vastus lateralis (F (2,16) = 2.73; p = .10; p 2 = .25), biceps brachii (F (2,16) = 1.50; p = .25; 1 p 2 = .16) or triceps brachii (F (2,16) = .90; p = .43; p 2 = .10). Similarly, no significant main 2 effects were found for wheel size during the main descent section of the lap; gastrocnemius 3 (F (2,16) = 1.94; p = .18; p 2 = .20), vastus lateralis (F (2,16) = .68; p = .52; p 2 = .08), biceps brachii 4 (F (2,16) = .47; p = .64; p 2 = .06) or triceps brachii (F (2,16) = .51; p = .61; p 2 = .06). When 5 muscles were compared against each other within each wheel size, significant differences 6 existed (p < .001) in total acceleration between the gastrocnemius and vastus lateralis as 7 expected during the full lap, climb and descent sections. However, no significant differences 8 in acceleration were found between the biceps brachii and triceps brachii for any section of 9 the course or over the full lap. Table 2 shows the mean total acceleration amplitude (RMS) 10 for each muscle and wheel size along with 95% CI. The purpose of this study was to determine the influence of three different mountain bike 15 wheel diameters on muscle activity and vibrations at different muscle sites during a typical 16 cross-country lap at race pace. The key findings were that no significant differences were 17 observed in muscle activity between the 26", 27.5" and 29" wheeled bicycles when analysed 18 for the full lap and during the highlighted ascent and descent sections. Similarly, no 19 significant differences were found in accelerations at the four different muscle sites between 20 the three wheel sizes. Therefore, the hypothesis that larger wheels reduce muscle activity and 21 vibrations should be rejected. However, other factors may also have influenced the results of 22 the current study. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 However, the present study normalised on course muscle activity to the peak dynamic task 2012) reported increased forearm activity in elite cross-country riders when compared to 2 downhill riders. This they proposed was possible the result of frame geometry differences and 3 smaller brake rotors. However, in the present study, equipment was the same on all bicycles 4 as was the head tube angle, therefore it is unlikely that these would have impacted on the 5 finding. Differences were more likely the result of riding style, as some riders may have 6 braked more into corners than other, resulting in the high standard deviations observed in 7 biceps brachii sEMG. Future research may seek to quantify the contribution of braking to 8 muscle sEMG activity. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The non-significant differences in vibrations between the three wheel sizes in the present 13 study may again be due to the effects of the suspension systems effectively reducing trail 14 shock. In addition to the lack of rear suspension on the bicycle used in the Macdermid study, 15 they also fitted the 26" wheels to a frame designed for 29" wheels. This may have altered the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 In conclusion, this study revealed that larger wheel diameters did not significantly reduce 11 muscle activity or vibrations more so than the long standing traditional 26" wheel on the 12 particular course used. However, there appeared to be a trend for slightly greater biceps 13 brachii activity in the 26" wheel. This could have been the result of the need to lift the front 14 wheel over small obstacles more or differences in rider anthropometrics or a combination of 15 both. Additionally, differences in riding styles or adaptations to riding the different wheeled 16 bicycles may have played a part in muscle activity. Ultimately, the lack of statistical 17 differences between the measured parameters suggests that when ridden by trained mountain 18 bike riders all three wheel sizes are just as effective at controlling trail induced shocks and 19 that bicycle choice is largely a matter of personal preference. Within a field based setting, 20 there are likely to be a number of factors that influence muscle activity rather than wheel size 21 alone. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Table 1 . Mean ± standard deviation and 95 % CI for mean sEMG amplitude as a percentage 2 of dynamic peak task for different wheel size during (A) full lap; (B) climb; and (C) descent. 3 *Significantly different to triceps brachii (26"); significantly different to triceps brachii 4 (27.5"); ¥ significantly different to triceps brachii (29"). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
